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AbstrAct
Purpose The purpose of the study is to monitor the exposure and health of workers in Great Britain who use pesticides as a part of their job, and to gain a better understanding of the relationship between long-term exposure to pesticides and health. Participants Study participants are professional pesticide users who are certified in the safe use of pesticides or who were born before 1965 and apply pesticides under 'grandfather rights'. Overall response rate was 20%; participants are mostly male (98%) and the average age is 54 years, ranging from 17 to over 80 years. Findings to date Participants have completed a baseline general questionnaire and three follow-up questionnaires on the use of pesticides. These data will enable investigations into the relationship between occupational pesticide exposure and health outcomes taking into account non-occupational confounding factors. Future plans There is no set end date for data collection. Recruitment into the cohort will continue, and for the foreseeable future there will be annual pesticide use questionnaires and five yearly follow-up general questionnaires. The intention is to validate the pesticide use questionnaire, and to develop a crop/job exposure matrix (C/JEM) which can be updated regularly. This C/ JEM will be able to look at general categories of pesticide, such as insecticides, structurally related pesticides, such as organochlorines, or individual active ingredients. Data collected on use of personal protective equipment and method of application will provide information on how potential exposure to pesticide during application may have been modified. The study will be able to estimate changes in individual pesticide use over time, and to examine the associations between pesticide use and both baseline and long-term health outcomes. The cohort members will be linked to national databases for notification of hospital episode statistics, cancer incidence and mortality for follow-up of health outcomes.
IntroductIon
Pesticides and biocides are designed and developed to be toxic to specific plant or animal pests. There is a long history of their use; compared with the simple treatments used in earlier times, such as arsenic, the pesticides developed for use today have active ingredients which are usually highly effective against particular pests.
1 Pesticides are almost as diverse as the pests they target, but they should have all been tested for their efficacy and for their effect on the environment and on non-target organisms, including humans. In Great Britain (GB), all pesticide products must be authorised by the Chemicals Regulation Division of the Health and Safety Executive (HSE) before they can be sold, distributed, stored or used (https://www. gov. uk/ pesticide-approval). Despite their potential for harm, pesticides are widely used because of the important role they play in improving public health and protecting food supplies. 2 Many epidemiological studies have investigated the association between the use of pesticides and adverse long-term health effects. However, ascertaining the causes of disease within pesticide-exposed populations is complex because of the multifactorial nature of many diseases and the presence of Open Access other potential risk factors. 3 Genetic susceptibility, lifestyle factors and environmental exposures may all affect risk of disease, either independently or through interactions with one another. In addition, the term pesticide covers a wide range and diverse group of chemicals or products. When investigating the health risks associated with pesticide exposure, identifying the cause of disease is complicated by the fact that individuals are often exposed to several types of pesticide, which may have different modes of action, and they may also be exposed to other potential risk factors, such as fuel and exhaust fumes, solvents, ultraviolet radiation, organic and inorganic dusts, and animal pathogens.
Many epidemiological studies have researched occupational groups who use or are exposed to pesticides as part of their daily activities. 3 Workers for these studies were recruited from the agricultural, horticultural, forestry, amenity or pesticide manufacturing sectors, because they are likely to regularly handle one or more types of pesticide during the course of their work. The body of evidence on the association between exposure to pesticides and disease provides a mixed picture, and the meta-analyses undertaken often report significant heterogeneity between studies. [3] [4] [5] This heterogeneity may be attributable to a variety of factors, including differences in exposure assessment, disease status ascertainment and study design, and to confounding.
A recent systematic review of epidemiological studies linking pesticide exposure to health effects was commissioned by the European Food Safety Authority 3 and published in 2013. They reviewed over 600 articles published between 2006 and 2012, which included nearly 6500 different analyses of the association between pesticide exposure and health outcomes. The majority of studies (55%) investigated occupational exposures. The health outcomes identified in the review were assigned to 23 major disease categories; the most common outcomes reported in the studies reviewed were cancer (29%), child health (15%), reproductive diseases (11%) and neurological conditions (11%). However, despite the very large amount of data available, encompassing all adverse health outcomes identified in the literature review, the authors report that findings were inconclusive for the majority of health outcomes studied. Some of the strongest evidence linking pesticide exposure to disease was found for certain cancers, particularly childhood cancers, and neurological conditions. Other health effects, including asthma, allergies, obesity and endocrine disorders, also showed an increased risk. 3 Mostafalou and Abdollahi 2 also published a review of pesticides and chronic diseases in 2013. Their comprehensive review covered publications between 1975 and 2013, and it included a wide range of diseases. However, the review was not systematic and the authors did not focus on epidemiological studies, but instead they gave an insight into possible causal molecular mechanisms. The major disease categories included in this review were cancer, cardiovascular disease, diabetes, developmental and reproductive disorders, kidney disease, neurological conditions, respiratory disease and autoimmune disease. Pesticide exposure has been linked with genetic damage and epigenetic changes, both of which are associated with cancer. Epigenetic changes have also been implicated in neurological conditions, diabetes, ageing, chronic kidney disease and atherosclerosis. Whether the epigenetic changes in these diseases are related to pesticide exposure or are markers of exposure 6 has not been established. Some pesticides have been shown to impair mitochondrial function, increase oxidative and endoplasmic reticular stress, affect the unfolded protein response and protein degradation, or to be endocrine disruptors. 2 These mechanisms have all been implicated in the development of chronic disease but further research is needed to confirm whether exposure to particular pesticides is on the causal pathway.
The body of evidence reporting on the association between pesticides and ill health is largely inconclusive, and despite the large number of studies in this area, more information is needed on the potential adverse effects of pesticide exposure on chronic disease risk. In 1998, the GB HSE established the Pesticide Users' Health Study (PUHS), a prospective study of nearly 67 000 professional pesticide users. 7 Their aim was to monitor the long-term health of pesticide users who are potentially exposed to low levels of pesticide. Individuals obtaining certificates of competence in the safe use of pesticides were invited to take part in the study, and the cohort was followed up for long-term health outcomes through national registers for notification of cancer and death registrations. Cancer incidence overall was lower, and standardised mortality ratios for all causes and all cancers were significantly lower in these pesticide users than in the general population. Incidence of multiple myeloma, cancer of the testes and non-melanoma skin cancer was higher than expected in men, and in women non-melanoma skin cancer was higher. None of the standardised mortality ratios for specific causes of death, including respiratory and neurological diseases, were higher than expected. However, being certified for the safe use of pesticides may not necessarily indicate using pesticides regularly and there is no active follow-up of the study participants to monitor the changes in their pesticide use. Furthermore, only basic demographic information was available for this cohort so interpretation of the findings in terms of causal relationships is not possible.
In 2013, HSE established the Prospective Investigation of Pesticide Applicators' Health (PIPAH) study. Professional pesticide users were enrolled into the PIPAH study, and baseline data were collected on self-reported health and potential risk factors. The PIPAH study is smaller than the PUHS, but it is collecting the detailed information which is lacking in the PUHS, such as information on pesticide exposure at product level and potential confounding factors. The PIPAH study's aims are similar to those of the PUHS: the overall aims are to monitor the long-term health of workers in GB who use pesticides as Figure 1 The relationship between the registers of pesticide users, the PUHS and the target population. NAsOR, National Amenity Sprayer Operators' Register; NRoSO, National Register of Sprayer Operators; PUHS, Pesticide Users' Health Study. a part of their job, and to gain a better understanding of the relationship between long-term exposure to pesticides and health. A profile of the cohort, including a detailed description of the cohort design, methods and baseline population characteristics, is presented in this paper.
cohort descrIPtIon study design
The study is a prospective cohort study, which includes a baseline cross-sectional survey at recruitment and ongoing follow-up of study participants' pesticide use and health outcomes. Data will be collected by conducting periodical surveys and through linkage to administrative health records.
target population and sampling frame The target population for the PIPAH study is men and women in GB who apply pesticides as a part of their job. Individuals belonging to this population were identified through a number of registers. Until November 2015, individuals applying pesticides on a professional basis in GB were required to be certified in the safe use of pesticides, unless they were born before 1965 in which case they could apply pesticides under 'grandfather rights'. From November 2015, 'grandfather rights' were revoked and everyone wishing to apply a professional pesticide must now be certified. data collection and follow-up A baseline general questionnaire was developed. Where possible, questions were based on validated questions used in other cohort studies. The questionnaire was tested in face-to-face interviews with professional pesticide users before being included in the study invitation pack. On joining the study, participants completed the baseline general questionnaire which included sections on demographic, diet, lifestyle and socioeconomic factors; job history and history of pesticide use; family medical history; and self-reported ill health. It was unrealistic to gather accurate detailed lifetime pesticide use information retrospectively using a self-completion questionnaire. So the history of pesticide use questions concentrated on pesticide groups and crops which could be refined using a crop/job exposure matrix. Follow-up general questionnaires will be sent to study participants every 5 years (figure 2). This will provide updated information on self-reported ill health and potential risk factors. The follow-up general questionnaires will incorporate additional disease-specific question sets, for example, on respiratory health, which are relevant to this occupational cohort.
Information on pesticide exposure is collected on an annual basis. Pilot pesticide use questionnaires were sent to age-stratified random samples of 400 participants in early 2014, 2015 and 2016. The remaining participants were sent a short postcard questionnaire which requested information on the main areas of their pesticide work. The postcard questions are included in the full pilot questionnaires. After validating the pilot questionnaire, the detailed pesticide use questionnaire was sent to all study members in 2017.
The data collected in the general questionnaire and the pesticide use questionnaires are summarised in box. Study participants will be linked with GB central registers for notification of hospital episode statistics, and cancer and death registrations. This is an efficient and effective method of following up on participants' health outcomes in the long term.
bAselIne chArActerIstIcs oF the study PArtIcIPAnts The mean age for the cohort overall was 54 years. The mean age of the NRoSO (52 years) and NAsOR (53 years) participants was similar, while the PUHS members were older (mean age 60 years). Study participants are predominantly male (98%) which reflects the male-female proportion in the sampling frame.
The highest level of education achieved is shown in table 2. The proportion of cohort members who reported that their highest level of education was General Certificate of Secondary Education or equivalent was similar to the general population of England and Wales (28%). 8 A smaller proportion of study participants had Open Access advanced levels (or equivalent), or a degree/higher degree than the general population (12% and 27%, respectively 8 ), but 25% of the cohort had vocational qualifications and a substantial proportion had other (most likely vocationally based) qualifications. Almost three quarters of the cohort reported being married, which is substantially higher than the 47% who reported being married in the general population. 8 The proportion of study participants who were divorced or separated was approximately half that in the general population (12%). 8 The majority of the cohort (52%) described themselves as self-employed compared with nearly 15% in the population of the UK. 9 Approximately 36% of the cohort reported that they were employed compared with almost 75% for England and Wales. 8 These differences are likely to be attributable to the high proportion of farmers in the cohort, many of whom are self-employed. The educational, marital and employment profiles of the cohort differ from those of the general population in a number of respects but these comparisons are not adjusted for the differences in age and gender between the study participants and the general population. Table 3 summarises the status of the cohort with regard to alcohol consumption and smoking status. The majority of the cohort (94%) reported that they currently drink alcohol, which is just over nine percentage points higher than GB-based comparator statistics. 10 The reported proportion of current smokers in the cohort at 9% is around half of the estimated 19% smoking rate in England, 11 although about 28% report that they have smoked in the past. These comparisons between the cohort and population-wide statistics are not adjusted for age or sex, but the statistics suggest that the study participants differ from the general population, particularly with respect to their smoking status. Some of the important components of diet are summarised in figure 3 . Altogether, 9.5% (n=290) reported eating five or more portions of fruit and vegetables per day, compared with 30% of adults aged 19-64 years in GB who meet the government minimum target of five portions of fruit and vegetables per day. 12 Overall, 94% (n=4962) of the cohort reported eating one portion of red or processed meat less than once a day and 62% (n=3508) reported eating oily fish at least once a week. The GB nutritional guidelines recommend that adults do not eat more than one portion of red or processed meat per day, and that they should eat two portions of fish per week. The latter should include one portion of oily fish.
lIFestyle chArActerIstIcs At bAselIne
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MAIn AreAs oF PestIcIde work
The men and women who enrolled in the PIPAH study applied pesticides in a wide range of work areas. Cereals, oilseeds and grassland/fodder crops currently involve the highest proportions of cohort members (65%, 48% and 40%, respectively) all of which belong to the agricultural sector (figure 4). Smaller proportions of participants were involved in other areas of pesticide work such as the amenity sector (9.6%), forestry (3.4%) and orchard crops (2.8%). There were substantial increases in the proportions working in cereals, oilseeds and grassland/fodder crops compared with their past areas of work and there was a notable reduction in the proportion of the cohort reporting involvement in potato-related pesticide work.
Open Access Open Access hIstory oF workIng wIth PestIcIdes Table 4 summarises the participants' history of working with pesticides before joining the study. The large majority of participants (over 80%) have worked with herbicides, plant growth regulators, fungicides, insecticides and treated seed, while smaller percentages have worked with poultry, livestock and animal house area insecticides, fumigants and wood preservatives. The largest proportion of participants began working with pesticides during the 1970s, 1980s and 1990s, and across all of the pesticide groups most participants had worked with pesticides for more than 10 years. This distribution reflects the age structure of the cohort. The majority of participants have handled pesticide concentrate, which has previously been observed to increase the risk of reporting 'ill health'. 13 Except when working with herbicides, most participants used personal protective equipment when mixing, handling or applying pesticides; only 12% reported using personal protective equipment when working with herbicides.
selF-rePorted heAlth
Cohort members were asked to report any doctor-diagnosed health outcomes. The categories of disease included were respiratory, neurological, circulatory, ophthalmic, dermatological, musculoskeletal, metabolic and other conditions including glandular fever, lead poisoning, pesticide poisoning, ulcerative colitis or Crohn's disease, injury (excluding head injury) from farm machinery and head injury requiring medical attention. The lifetime prevalence was greater than 10% for work-related musculoskeletal injuries (23.5%), high blood pressure (14.8%) and asthma (10.4%). Injury from farm machinery (9.9%) and head injury (7.1%) were also common in this occupational group. Health outcomes with a lifetime prevalence of less than 1% included Alzheimer's disease, chronic obstructive pulmonary disease, chronic kidney infections, epilepsy, multiple sclerosis and Parkinson's disease.
strengths And lIMItAtIons A key strength of the PIPAH study is the breadth of the data, including comprehensive demographic, lifestyle and socioeconomic data and detailed information about use of pesticides, which have been and will be collected from a large group (>5000) of clearly defined professional pesticide users. These data, in combination with the data collected about past and current health conditions and the prospective design of the study, will allow the research team to conduct novel analyses exploring the relationships between pesticide exposure and health outcomes.
Another important strength of the study design is the planned repeated assessment of pesticide use, basic demographic and lifestyle factors, and self-reported health outcomes. Keeping this information current will improve assessment of exposure in future analyses, and repeat assessments will provide opportunities to add new question sets into the questionnaires. Flagging cohort members for notification of hospital episodes, and cancer or death registrations provides a very effective objective means of following up long-term health outcomes with minimal loss to follow-up and no burden on participants.
Potential limitations of the study include the possibility of participation bias due to self-selective decisions to take part in the study. However, there is no evidence to suggest that the decision to take part in the study was influenced by participants' exposure or health. The proportions of men and women in the study sampling frame and the cohort were identical, but the age structure differed in that the cohort members were a little older.
The study relies on self-reported pesticide use rather than objective exposure measurements, which is a potential weakness. Exposure misclassification may occur, which may affect the ability of the study to investigate the real associations between pesticide exposure and health. Biological monitoring would provide a more accurate measure of the pesticide exposure actually experienced, but costs and logistics prevent this from being carried out on the full cohort. Future research investigating the health risks associated with particular pesticides and using biological monitoring to assess exposure could be undertaken on a subset of the cohort.
